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Copernicus model of the Universe



The expected parallax



Tycho de Brahe was afraid of the lack of parallax…



Parallax changes position of a bright star on the 
background of faint ones



Definition and method of measurement



Astronomers apply the same principle as 
artillerists…



Schematic sketch of the principle



F.W. Bessel, Monthly Notices of  the 

Royal  Astronomical Society, 4, 152

(1838)



Starting in 1863, Angelo Secchi began collecting the spectra of stars, 
accumulating some 4,000 stellar spectrograms. Through analysis of this 
data, he discovered that the stars come in a limited number of distinct 

types and subtypes, which could be distinguished by their different 
spectral patterns. From this concept, he developed the first system 

of stellar classification: the five Secchi classes. The system extended by 
Annie Jump Cannon to the Harvard one.

https://en.wikipedia.org/wiki/Stellar_classification
https://en.wikipedia.org/wiki/Stellar_classification#Secchi_classes


General view of the spectra classification criteria



Precise criteria of effective temperature



Variations of the Hα profile with luminosity class



Spectroscopic parallax

Assumption: Sp/L » Mv (base of  stellar 
astrophysics)

Distance modulus m – M = 5logD – 5

m – direct measurement, M – from 
Sp/L; calibration necessary!

Assumed: space is empty, i.e. does 
not attenuate starlight



E. Hertzsprung & H.N. Russell



H-R diagram – the product of 
the second half of XIX century



Binary, open cluster and globular cluster



Pleiades – the most widely known open cluster



Color-magnitude diagram for Pleiades



Globular clusters M3 and M92



Characteristic HR diagrams for 

M3 and M92



Absolute stellar magnitudes

 Absolute magnitude, except mass is the only 
extensive parameter, that allows comparing 
stars

 Photometric equation in the general form

m-M=5logD-5+A, 

where A denotes extinction: interstellar or 
intergalactic

AV = R*EB-V

The equation is simple but trappy: it connects 
parameters which require calibrations.



Two spectra of the same star in two epochs. What is its 
Sp/L?

14-3-5



Sp/L may change; interstellar lines 
remain constant

14-3-5



Cardelli, J. A., Clayton, G. C., Mathis, J. S. 1989, ApJ, 345, 
245 (CCM89) and Seaton, M. J. 1979, MNRAS, 187, 73



Hard to select a proper individual extinction 
curve…



Variety of extinction curves (Fitzpatrick & Massa, 2007)



Two identical stars of identical trigonometric parallaxes – 7.5 
mas. HD145502 – V=4.00 mag; HD147889 – V=7.90 mag. R=4.9
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Some spectrophotometric distances are larger than 
trigonometric ones

14-3-5



Unreddened HD57060 is of similar Sp/L to O8I 
standard. If it is O8Ib D=1400 pc.





Author: Evans, J. W.

Journal: Astrophysical Journal, vol. 93, p.275, 1941



Possibility to improve the ancient idea

Published 

measurements of  

triginometric parallaxes 

by the satellite 

Hipparcos (10 times 

more precise than 

groundbased ones)

The set of high 
resolution and S/N 
echelle spectra
which allow
Simultaneaous 
measurements of many 
interstellar features
290 objects with known 
trigonometric parallax



CaII interstellar lines are observed alone
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Additional evidence

-50 -25 0 25 50 75

0.0

0.4

0.8

1.2

 

 

CH+ 4232A line

R
el

at
iv

e 
in

te
n

si
ty

Radial velocity

NaI D
1
 line

CaII H line
CH 4300A line

HD 184915



Lack of correlation between E(B-V) and 
equivalent width of the  CaII „K” line
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Correlation between Hipparcos parallax and 
EW(K)
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CaII is evenly distributed in contrary to CH



Lines H i K in spectra of nearby and 
distant stars l=135

14-4-17



Column density of  CaII vs. distance

D = 77+ (2.78 + 2.6/(K/H - 0.932)) * H



Does identical Sp/L leads to identical M?
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Absolute magnitudes calculated using CaII 

method and the literaturę data (right)
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CaII and trigonometric distances are accordant

14-3-5



What the correlations do say us?

MW disc is pretty evenly filled with 

reasonably tiny clouds revealed most 

evidently by the H and K interstellar lines

Individual Hipparcos parallaxes  may suffer 

pretty large errors

Other interstellar features show the radial 

components either saturated (NaI) or very 

weak (CH, CH+).



Orion Trapezium



Spectra of two selected Trapezium stars are 
nearly identical



Stellar and interstellar features in the two 
Trapezium stars
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Profiles of the „K” in bothTrapezium stars



Most reliable distance to the Trapezium



CaII and spectrophotometric distances to the 
Trapezium stars





Strongly asymmetric scatter around the 1-1 line



Similar Sp/L and IS4430 DIB but very different CaII



Three principles of  distance measuring

Standard rod Standard candle Column density of 

the interstellar 

medium

D = 1/π m-M=5lgD-5+Av

Av =R*EB-V+C
D~N(X)

N(X)~EW(X)

Small angles; 

many objects out 

of range

R € (2.5;5.5)

M (+/- 1m.5) –
statist.

EB-V ~OK. (+/-0.05)

C ?

ISM is not 

continuous;

Only one 

calibration



Conclusions
Every method of distance determination has some 
limitations:
Trigonometric parallax is limited to relatively nearby 
stars (expected extension by GAIA)
Spectroscopic parallax requires calibrations of M for 
Sp/L, simultaneous spectral and photometric 
observations and individual extinction law
CaII method works properly only in the Milky Way 
disc but is based on one calibration only


